Background
Forearm autogenous arteriovenous (AV) access has been recommended as the first choice for primary access for hemodialysis [1, 2] . Patients who have exhausted all forearm veins on both sides, according to vein availability and surgical expertise, are suitable candidates for either forearm prosthetic access or upper-arm access of any type [1] . As with the other upper-arm arteriovenous fistulas (AVFs) that originate from the brachial artery, brachio-basilic AVFs (BBAVF) create more risks of steal syndrome than AVFs on the forearm [3] [4] [5] . The proximal radial artery has been used for inflow for upper-arm fistulas to prevent steal syndrome [6] [7] [8] . BBAVF has been performed by many surgeons and using various techniques, together with the increasing experience in its use. Although anastomosis of the basilic vein with proximal radial and ulnar arteries were performed, the most common site of preference for anastomosis has been the brachial artery [9] . However, guidelines recommend placing native AVFs as far distally in the upper extremity as possible.
In this study we aimed to compare proximal radio-basilic AVFs (RBAVF) with BBAVFs on the upper arm in terms of steal syndrome and outcomes.
Material and Methods

Patients
AVFs were placed in 950 patients in our clinic between January 2009 and December 2013. We used our institutional operative record/database to identify 94 patients who had undergone basilic vein transposition, consisting of BBAVF (n=40) and RBAVF AVF (n=54), among these 950 patients. In this retrospective study, in all patients who had exhausted all of their forearm veins on both sides, basilic vein transposition was performed before using prosthetic access. Patient data were obtained from inpatient charts, outpatient records, operating room notes, dialysis records, and phone calls. Patient characteristics collected for the purpose of this study were sex, age, and specific comorbidities (diabetes mellitus, hypertension, and hyperlipidemia).
Postoperative complications such as steal syndrome, venous hypertension, aneurysm, and bleeding were recorded. According to the results of the Doppler USG, we noted ³2.5 mm basilic vein diameter, ³3 mm diameter of the brachial artery, and ³2 mm diameter of the radial artery. At 4-6 weeks after the operation, Doppler USG was performed on the AVF in order to check its maturation. Maturation was defined as blood flow of the fistula above 500 mL/min.
Operations
All operations were performed under combined anesthesia (bupivacaine from AstraZeneca, Turkey and lidocaine from Adeka, Turkey). All BBAVFs were created as described by Dagher et al. [10] and all of them were 1-stage procedures. A single long longitudinal incision was made on the medial arm from the antecubital fossa to axilla to identify the basilic vein. Care was taken to avoid damage to the medial antebrachial cutaneous nerve of the upper arm. Tributaries of the vein were ligated. Once free, it was disconnected in the antecubital fossa. The basilic vein was isolated and marked to ensure appropriate orientation. A short segment of brachial artery was then isolated through the distal aspect of the incision or a single short transverse incision was made on the antecubital fossa. 
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The vein was transposed inside an anterolateral subcutaneous tunnel of the upper arm. The vein was carefully oriented and brought through the tunnel in a gentle curve, reaching the brachial artery without tension. The patients were systematically heparinized (5000 units of unfractionated heparin, intravenously) and the brachial artery was then mobilized for several centimeters. The basilic vein was anastomosed end-to-side to the brachial artery using 7/0 polypropylene.
All RBAVFs were performed as 1-stage procedures like BBAVFs. Two separate incisions were used to identify the basilic vein (a and b in Figure 1 ). Firstly, a long longitudinal incision was made superiorly on the medial epicondyle to extend to the axilla (a in Figure 1 ). The basilic vein was mobilized for more than 10 cm on the upper arm, starting from the axilla (a in Figure 2 ). Care was taken to avoid damage to the medial antebrachial cutaneous nerve of the upper arm (b in Figure 2 ). The second separate small longitudinal incision was started just below the medial epicondyle of the humerus and was extended laterally and inferiorly (b in Figure 1 ). The basilic vein was 5-7 cm further mobilized on the forearm (c in Figure 2 ). The median cubital vein was ligated (d in Figure 2 ). The basilic vein was dissected completely free and the branches were ligated using a simple tie or a suture ligature based on the size of the branches ( Figure 3 ); thus, a long basilic vein was obtained ( Figure 3) . A third short transverse incision was made on the antecubital fossa (c in Figure 1 ). The brachial artery, radial artery, and ulnar artery were exposed and controlled with vessel loops (a, b and c in Figure 4 ). Attention was paid to avoid injury to the median nerve, which lay adjacent to the artery. A mini-incision was made for a subcutaneous tunnel on the upper arm (d in Figure 1 , a in Figure 5 ). Then, the subcutaneous tunnel was prepared on the upper arm (b in Figure 5 ). The basilic vein was gently dilated with heparinized saline, marked to help maintain the proper orientation, and wrapped with a heparin-soaked sponge.
The basilic vein was carefully tunneled by using a curved vascular clamp. The vein should be tunneled directly below the skin through the underlying fascia between both the antecubital and axillary ends of the incision (c in Figure 5 ). The patients were systematically heparinized (5000 units of unfractionated heparin, intravenously) and the brachial bifurcation 
4092
(brachial, radial, ulnar artery) was mobilized for several centimeters. Vascular clamps were placed (a, b, and c in Figure 4 ). Arteriotomy was made in such a way that approximately 1/3 of the incision was on the brachial artery and 2/3 of the incision was on the radial artery (d in Figure 4 , Figure 5 ). The basilic vein was anastomosed end-to-side to the brachial bifurcation using 7/0 polypropylene ( Figure 6 ). Following this procedure, the thrill was palpated. A closed-suction drain was placed in the dissected bed of the basilic vein and brought out through a separate stab incision. The subcutaneous tissues and skin were closed with an absorbable suture ( Figure 1 ).
Follow-up
While postoperative thrill was palpated in all patients in RBAVF group, it was not able to be palpated in 1 patient in the BBAVF group. Four to six weeks following the operation, the patients were examined by Doppler ultrasonography to check for the maturation of AVF.
The patients who died, who underwent kidney transplantation, and in whom patency was not provided were excluded from the follow-up. In the BBAVF group, a total of 25 patients were excluded from the follow-up; 1 patient due to kidney transplantation, 13 patients due to death, and 11 patients due to the inability to provide patency. In RBAVF groups, a total 22 patients were excluded from the follow-up; 8 patients due to death and 14 patients due to inability to provide patency.
Statistical analysis
Patients' demographic factors were compared by using the Fisher's exact test and the chi square test for categorical variables and t test for continuous variables. Fistula patency and fistula survival were analyzed by using life tables and KaplanMeier survival analysis. The patencies of the 2 groups were compared by using a log-rank test. 
Results
During the study period, a total of 950 AVFs and 94 basilic vein transposition AVFs were placed. Demographic and clinical characteristics were compared between groups ( Table 1) .
The RBAVF group (53.78±14.61) was younger than the BBAVF group (62.48±13.77) (P=.004).
In 9 patients in the BBAVF group (22.5%) and in 5 patients in RBAVF group (9.3%), at least 1 complication (among complications such as steal syndrome, venous hypertension, and aneurysm) was observed (Table 2 ). However, when the patients were analyzed in terms of each complication separately, steal syndrome was observed to develop in the BBAVF group more frequently than in the RBAVF group (P=.030). Among hypertension, cholesterol, and diabetes mellitus, only diabetes mellitus was found have a significant effect on the development of steal syndrome. There were 4 patients (8.9%) having both steal syndrome and diabetes mellitus (P=.049). Three of the 4 patients who had steal syndrome had patent AVFs; in the other patient, a fistula was ligated because of the aggravation of the complaint and the patient's anxiety.
One of the patients was consulted because of arm pain during hemodialysis therapy. However, we found from the patient's history that the pain was in the form of resting pain, occurring especially at night, and it was not occurring only during the hemodialysis therapy. At the physical examination, digital brachial index was 0.49 and the thumb pulse oximetry reading revealed 79% oxygen saturation, with the other thumb pulse oximetry read 98% saturation. Although there was no wound in the hands of the patient, because there was a compliance with findings of class 3 steal syndrome, surgical intervention was proposed to the patient. However, due to fear of surgery, the patient insisted that the pain was occurring only during hemodialysis therapy, and did not accept the operation. In the other 2 patients the anastomoses were narrowed with the flow reduction method.
When the combined effects of the type of surgery and age on the steal syndrome was analyzed with logistic regression analysis, we observed that only the type of the surgery was effective in steal syndrome.
All patients tolerated the procedures. There was no intraoperative mortality. There was no significant difference between the groups (P=.426) in terms of maturation rates. AVFs of the 9 patients in the BBAVF group (22.5%) and 9 patients in the RBAVF group (16.7%) were found to be failed (P=.484). A mechanical thrombectomy operation was performed and the thrill was provided again. Warfarin and acetylsalicylic acid were administered to these patients postoperatively.
Mean follow-up periods in the BBAVF group and RBAVF group were 22.1±10.8 months (min: 0, max: 40) and 19.6±9.2 months (min: 2, max: 38), respectively. Primary patency rates at 1-and 2-year follow-up were 77% and 44% for the BBAVF group and 88% and 59% for the RBAVF group, respectively. Secondary patency rates in 1-and 2-year follow-up period were 83% and 50% for the BBAVF group, and 94% and 63% for the RBAVF group, respectively. There was no significant difference between the 2 groups in terms of the primary and secondary patency rates.
Discussion
Due to increasing experience, basilic vein transposition technique is increasingly preferred by surgeons in recent years. Following failure of antecubital AVF and Cimino-Brescia fistula, AVF with PTFE graft, originating from the brachial artery, may be preferred. However, autologous AVFs were suggested by more than 1 guideline [1, 3] . At this stage, basilic vein transposition should be preferred. Following its first description in 1970, the basilic vein transposition AVF has been performed in several different techniques, such as 1-stage procedure, 2-stage procedure (elevation and transposition), keyhole technique, and video-assisted transposition [11] [12] [13] . However, in all these techniques, the basilic vein was freed down to the elbow and generally was anastomosed to the brachial artery. Regarding steal syndrome, in addition to risk factors such as female sex, peripheral arteriosclerosis, diabetes, and multiple operations on the same limb, it is wellknown that AVFs using the brachial artery carry more risk of steal syndrome than fistulas using the radial artery [3] [4] [5] 14] . Tordoir et al. reported that symptomatic ischemia may develop in 10-25% of brachiocephalic and basilic AVFs, 4.3-6% of forearm prosthetic AVFs, and 1-1.8% of radiocephalic AVFs [3] . In our study, all patients who had steal syndrome had their anastomosis located in the brachial artery. The proximal radial artery has been used by many authors in order to avoid steal syndrome [6, 7, 15] .
We extended the basilic vein to the proximal radial artery and called it RBAVF. Steal syndrome was not seen in the RBAVF group. In the BBAVF group, steal syndrome was determined to occur more frequently, which is consistent with the literature. It is known that the major disadvantage of radiocephalic AVFs is a lower blood flow rate [2] . For this purpose, in the RBAVF group, a portion of the anastomosis (proximal 1/3) was extended to the brachial artery. We observed that there was no significant difference between the RBAVF and BBAVF groups in terms of patency and flow rate of the arteriovenous fistula.
Patients who undergo hemodialysis with the indication of endstage renal failure need many additional interventions in the long-term, and the patients are prone to surgical complications due to these interventions. In recent years, the use of basilic vein transposition technique has been steadily increasing.
Conclusions
We suggest that basilic transposition technique performed in the form of RBAVF is better in terms of steal syndrome, and the patency rate of this method is similar with that reported in the literature.
